The recent identification of depression as an important comorbidity in pulmonary arterial hypertension (PAH) 1,2 is leading to a broad array of efforts to further refine our understanding of this disorder, enhance patient and provider education about it, and encourage prompt recognition, appropriate diagnosis, and treatment of affected individuals. We will provide an update on the nature and extent of the problem, and describe ongoing and future efforts to address this very important determinant of quality of life and possible long-term outcome in patients with PAH.
PAH is a rare and debilitating disease characterized by progressive increases in pulmonary arterial pressure and pulmonary vascular resistance, leading to right ventricular failure and death. [3] [4] [5] [6] [7] As there is no cure, the primary goal of disease management remains to alleviate symptoms and prolong survival. Although treatment of patients with PAH with agents such as prostanoids, endothelin receptor antagonists, and phosphodiesterase inhibitors have been shown to improve exercise capacity, 7, 8 many patients still experience diminished quality of life, severe limitations in mobility requiring lifestyle modifications, and the potential for social isolation. The substantial physical burden imposed by PAH may result in loss of employment, adding to concern about paying for expensive therapies. Thus, patients with PAH frequently accumulate a number of life stressors that have been associated with, and make them more vulnerable to, development of depression. 9 According to the World Health Organization (WHO), depression is the leading cause of disability as measured by years lived with a disability, and organizations such as the Institute of Medicine emphasize that depression screening and treatment should be a priority for US medicine in the 21st century. 10 Patients with depression and/or chronic illnesses, such as poorly controlled diabetes 11, 12 and cardiovascular disease, [13] [14] [15] have an increased risk of adverse outcomes and high health care costs. 16 Recognizing the complex interplay between depression and chronic medical illness, and addressing it with collaborative interventions involving nurses who provide guideline-based patient-centered simultaneous management of depression and chronic disease has been shown to improve outcomes. 16 Applying what has been learned about the interaction between chronic medical disease and depression to patients with PAH will likely improve treatment response and the quality of our patients' lives.
HIGH PREVALENCE OF COMORBID DEPRESSION IN PAH
A study performed at 2 large PAH referral centers showed that depression is common in PAH patients, with 55% of subjects demonstrating depressive symptoms. 2 This study utilized a simple and well-validated instrument, the Patient Health Questionnaire-8 (PHQ-8), 17 to determine the prevalence and severity of depressive symptoms in patients with PAH. The PHQ-8 is a useful measure for establishing the presence of depressive symptoms in primary care patients and those with medical illness; it also has the capability of identifying not only those with major depressive disorder (MDD) but "at-risk" patients with clinically significant subsyndromal depression that may also need treatment.
Data from the REVEAL registry, a multicenter observation cohort study of WHO Group I PAH, demonstrated that 25% of patients report a history of depression. 18 This registry relied on selfreporting a history of depression, as opposed to utilization of a standardized instrument like the PHQ-8, which has good sensitivity and specificity for the detection of depressive symptoms. The difference between this self-reported frequency of a history of depression elicited in a nonstandard way, and the much higher prevalence of depressive symptoms detected using a measure like the PHQ-8, illustrates the importance of using well-validated instruments when performing routine screening of PAH patients for depressive symptoms.
Another interesting recently reported finding from the REVEAL registry was that depression occurred more frequently among females than males with PAH. 19 This finding highlights the particular importance of screening women with PAH for the presence of depressive symptoms.
THE EFFECT OF DEPRESSION IN PAH
Even with the likely underestimate of depressive symptoms using unsystematically obtained self-report data in the RE-VEAL registry, 18 an analysis showed that of the most frequent comorbid conditions experienced by PAH patients (including hypertension, thyroid disease, and obesity), clinical depression is the strongest predictor for the development of medical disability. 20 Another study describing the human responses to PAH found that it produced anxiety, depression, panic attacks, impairments in cognition and memory, and reductions in physical functioning. 21 The adverse effects of depression on PAH may also be mediated by sleep disturbances. A recent study by Batal et al suggests that poor sleep quality is common in patients with pulmonary hypertension (PH) and correlates with depression, dyspnea, and poor quality of life. 22 Undiagnosed comorbid depression makes it difficult for the provider to properly evaluate the patient, 23 and likely decreases treatment adherence. The presence of depression might also affect reporting of symptoms and make it more difficult for the provider to determine the correct plan of care. Furthermore, the presence of depression might interfere with functional assessment of the patient. For example, the utility of the 6-minute walk test, which is one of the noninvasive standards for evaluating functional capacity in PH, may be reduced in individuals with comorbid depression because slower walking may be due not only to worsening disease but also lack of motivation from depression, which may, additionally, cause reduced compliance with taking medications. These confounding effects of depression on test performance may lead to an erroneous impression of worsening disease and the consequent unnecessary prescription of expensive therapies with potential side effects.
In summary, the interplay between PAH and depression is complex and multifaceted, with the potential for important negative effects on medical disability, medication adherence, reporting of functional status, sleep quality, and emotional responses to the disease. The development of depressive symptoms likely has an important effect on quality of life, and may also prove to affect outcomes, such as survival, although further studies are needed to determine if this is true.
ARE WE DOING WHAT IS NECESSARY TO PROMPTLY DIAGNOSE DEPRESSION IN PATIENTS WITH PAH?
In spite of the frequency of depression as a comorbidity in patients with PAH, formal screening and treatment of depressive disorders is not currently a common practice in most PH referral centers. 23, 24 A majority of patients are seen in their respective PH clinics every 3 to 6 months, making the PAH provider well positioned to recognize and address concurrent psychiatric illness. Unfortunately, however, inadequate assessment for depression and other comorbid psychiatric disorders is the rule rather than the exception. In a busy PH practice, clinic time with each patient is limited, patients need to be assessed rapidly, tests need to be ordered, and very little time remains to be spent addressing the patient's psychosocial needs. In addition, PAH providers may lack the training to adequately address their patients' psychiatric disorders.
POTENTIAL EFFECT OF A SCREENING INSTRUMENT FOR DETECTION OF DEPRESSIVE SYMPTOMS IN PAH
Routine screening of PH patients for depression is likely to improve detection of depression in this patient population. 23 Without a plan for screening and referral, depression may be underdiagnosed and undertreated by PAH providers. Our recent study 2 found that 69% of patients with mild-to-moderate depressive symptoms were not on antidepressant therapy, and 50% of patients with severe depressive symptoms were not taking an antidepressant. Patients who are emotionally distressed may choose not to seek help for fear of stigmatization, or they may wish to attempt to solve the problem on their own. Depression may be insidious in onset, and patients as well as providers may struggle to discriminate between changes in mood and changes in their state of health. Patients followed for years in their PH clinic may transition through different stages of coping with their disease, and ongoing assessment is necessary to detect these potentially important changes, which often represent the onset of depression and/or other psychiatric disorders.
Several simple screening tools exist for the detection of depressive symptoms, including the 2-, 8-, and 9-item Patient Health Questionnaires (PHQ-2, PHQ-8, and PHQ-9). 17, 25, 26 The PHQ-8 and -9 have been found to be both sensitive and specific for diagnosing major depressive disorder. These tools take only several minutes to administer and could be integrated into standard inpatient and outpatient evaluations. Patients can complete the questionnaire while in the waiting room, and the provider can then review the results.
THE EMERGING IMPORTANCE OF PATIENT-REPORTED OUTCOMES IN CLINICAL RESEARCH
Although much of the care we provide our PAH patients is focused on increasing longevity, many of our treatments are specifically designed to improve symptoms and function, 2 essential components of health-related quality of life. In most cases, the best way to measure symptoms and functional status is by direct patient query. In contrast to self-evident outcomes of illness such as survival, patientreported outcomes (PROs) represent the patient's perspective on the influence of disease and its treatment on his or her everyday functioning and well being. By definition, PROs are a measurement of any aspect of a patient's health status that comes directly from the patient (ie, without the interpretation of the patient's responses by a physician or other care provider). 27 While quality of life assessments have been used for years as secondary outcome measures in clinical trials, including some of those in PAH, [28] [29] [30] [31] [32] [33] such assessments may be underutilized in the application of evidence-based therapy. Patient-reported outcome measures (PROMs) provide a means of gaining insight into the way patients perceive their health and the affect of treatments or adjustments to lifestyle on their quality of life. Patients can complete these assessments. PROMs have been used in the management of a variety of disease states, and their application in the area of PAH is likely to increase. Since depression can have significant influence on quality of life in patients with PAH, it will be important to determine what patients report in terms of the effects of their medical disease on mood, appetite, happiness, and satisfaction.
The development of an effective PRO instrument depends on its ability to measure what it sets out to measure, and whether it can be demonstrated to be valid, reliable, sensitive, and specific. Because of the time, effort, and cost associated with creating a new PRO instrument, PRO instruments used in PAH are generally borrowed from those used for other disease states. Examples of PROs that have commonly been used in PAH clinical research studies include the Short Form 36 (SF-36), 34, 35 the Minnesota Living with Heart Failure Questionnaire (MLHFQ), 36 and the EuroQol (EQ-5D), 37 to name a few. While these generic tools enable comparisons to be made across disease states, a more sensitive and specific tool for health-related quality of life might address the unique challenges our patient population faces. A more recently developed and approved PRO is the Cambridge Pulmonary Hypertension Outcome Review (CAMPHOR), 38 the first of its kind to be developed exclusively with the PAH patient in mind. Of most importance for any future PAH instrument developed will be its ability to detect change in reported outcomes over time. In PAH patients, change in functioning may be gradual, and an instrument sensitive to this change would be useful in determining longitudinal effect on decline or improvement.
With 39 We are likely to see this same trend in PAH clinical trials, as benefits that are considered meaningful to a patient can be viewed as valuable to the success of a newly developed drug and its maker. Nonetheless, the importance lies in the increased recognition and evaluation of previously underrecognized outcomes such as quality of life.
INTERNATIONAL INTEREST IN THE RECOGNITION OF DEPRESSION IN PAH
Recognizing the important influence that depression and general distress can have as a comorbidity in PAH, the Pulmonary Hypertension Association (PHA) has recently initiated an international survey studying emotional effect in this disease state. This project has leadership in Europe and the United States, and will hopefully lead to a better understanding of what patients sense as the effect of depression on their ability to cope with PAH. The key research objective is to understand the emotional effect of living with PAH, both from a patient's and a caregiver's perspective. These qualitative insights will feed into an online quantitative survey that will be designed to allow for the quantification of these needs. Ultimately, the objective will be to empower affected persons to not only recognize the attendant emotional needs of PAH, but to make them aware that help is available.
REFERRAL FOR CARE OF DEPRESSION
The practice of universal depression screening of PH patients should be accompanied by a plan for referral for further evaluation and treatment if needed. This might involve communication with the patient's primary care provider, or perhaps referral to a specialist, such as a psychiatrist. Such a plan ensures that affected patients would undergo a more thorough evaluation for depression, and would have resources available for treatment if needed, including pharmacologic and/or psychotherapeutic options. The choice of therapy may depend on available resources and patient preferences. An important component of any evaluation includes assessment of risk for suicide, which is a major complication of depression.
Colleagues in the area of oncology are taking the lead in recognizing the importance of prompt recognition and referral of psychosocial issues. Starting in 2012, all cancer programs seeking accreditation from the American College of Surgeons Commission on Cancer (CoC) will be required to screen and evaluate patients to identify psychosocial issues impeding patient progress during treatment and survivorship. The new standard will additionally require that all CoC-accredited oncology programs either have psychosocial services onsite or be equipped to link patients to the proper resources. 40 
TREATMENT
When a patient is found on screening to have symptoms suggestive of clinically significant depression, a system to ensure appropriate evaluation, treatment, and follow-up is essential. 23 Because of the stigma often associated with a diagnosis of depression and mental disorders in general, it is important for the provider to provide psycho-education to the patient, emphasizing that, like PAH, depression is a medical illness with significant morbidity and mortality, as well as being a potential risk factor for worse prognosis of the primary medical illness. It should also be identified to patients that recovering from depression is not simply a question of will since it is believed, based on current research data, that genetic, biological, psychological, and/or social factors can lead to brain abnormalities, as in nonpsychiatric disorders, that cannot be alleviated without treatment.
Patients suspected of having depression on screening should undergo a formal evaluation to establish if a depressive disorder is present and determine the appropriate type and level of treatment when clinically indicated. An important component of any evaluation includes assessment of risk for suicide, which is a major complication of depression. In addition, depressed individuals frequently suffer from other psychiatric illnesses, such as anxiety disorders and substance dependence, which may be contributing to or exacerbating the depression.
Given the heterogeneity in the types of factors leading to depression, the wide range in depression severity, the tremendous variability in treatment response, and the higher rates of treatment resistance in those with chronic medical illness, multiple treatment options need to be available to optimally treat each patient. To some extent, choice of psychotherapy and/or medications may depend on available resources and patient preferences. In addition, providers vary in their knowledge and comfort level when it comes to prescribing antidepressant medication for their patients.
For many milder cases of depression requiring only medication management, the primary care physician may be able to provide treatment. In more complex, severe cases with extensive psychiatric comorbidity and concerns about suicide, referral to a psychiatrist or other mental health professional is indicated. In some practices, there are mental health professionals onsite to evaluate and treat patients. In other settings, close relationships are sometimes forged between primary care physicians and mental health professionals, which can help to effectively coordinate the treatment of the patient's primary medical illness and comorbid depression.
Currently, there are multiple FDAapproved medications for treatment of major depressive disorder, and psychosocial treatments, such as cognitivebehavioral therapy and interpersonal therapy, have been shown to be highly efficacious in the treatment of this illness.
Promising new interventions with less of an evidence base are also proliferating and should be considered as possible interventions. For example, there has been a growing recognition that patients with severe, chronic medical illnesses may benefit from support groups in which other individuals with the same illness can have a positive therapeutic effect because of their capacity to have empathy for the patient's suffering that only comes from having the same illness. Other individuals with the illness may also be able to offer guidance on how they have learned to cope with many of the challenges that individuals with PAH face. And in the age of the Internet, online chat rooms may also enable patients to share their experiences and decrease their sense of isolation.
Another promising, potentially beneficial new intervention for depression is exercise, which has also been shown to reduce stress and anxiety. 41 The REVEAL registry shows that some of our patients are overweight, with an average BMI of 28.9. 18 A randomized, 15-week, closely monitored program of daily exercise done in patients with severe PH was completed by Mereles at al, 42 and showed that exercise capacity and quality of life can be significantly enhanced using an exercise training program. Accordingly, it is logical to presume that exercise may be efficacious for the treatment of comorbid psychiatric disorders experienced by our patients, but future studies are needed to assess its efficacy and safety in patients with PAH and to determine the best type and intensity of exercise that will optimally alleviate symptoms of depression in our patients.
Another important aspect of successful treatment of depression in PAH is the coordination of care for both medical and psychiatric disorders. A recent study by Katon el al 16 illustrates the importance of collaborative intervention involving proactive follow-up by nurse care managers working closely with physicians, integrating the management of medical and psychological illnesses, and using individualized treatment regimens guided by treatto-target principles. By using such a strategy, each patient has an individualized care plan and target goal to reach. Treatment protocols guide the adjustments of commonly used medicines, and increased nursing support is provided for self-care in patients who do not achieve their specified goals. For example, the authors utilized the PHQ-9 scale to evaluate depression. If upon evaluation, a patient fails to show an improvement in depression symptoms by means of PHQ-9 score, the health care team intervenes, providing education that encompasses selfmonitoring, behavioral activation, goal setting, and problem solving to improve medication adherence and self-care. The patient then receives self-care materials such as a depression manual and video on depression care, a booklet and other materials on chronic disease management, and self-monitoring devices appropriate to his or her chronic condition. Weekly case management team meetings with nurses and providers present allow for review of medications and adjustment if necessary to achieve the patient's specific clinical goals. Such intervention improved medical outcomes and depressive symptoms in depressed patients with diabetes, and/or coronary heart disease.
THE FUTURE

Important unanswered questions include:
What are the associations between depressive symptoms and functional capacity? Is depression a risk factor for worsening PAH, as has been shown in heart failure, a secondary event elicited by the inevitable decline in functional capacity, or can it be both a cause of and reaction to advancing illness? Would treatment of depression in PAH make a difference in survival? If, as has been found in left heart disease, the occurrence of depressive symptoms in patients with PAH has a significant influence on functional status and quality of life, as well as risk for worsening of symptoms, early detection of depression and implementation of appropriate treatment could have a significant effect on overall outcomes in our patients. Is there a preferred medication treatment for PAH patients? Are nondrug therapies (ie, cognitive-behavioral therapy, interpersonal therapy, supportive therapy, psycho-education, support groups, pulmonary rehabilitation, counseling) as effective or more so than drug therapy in our patients? Is a combination of medication and psychosocial treatments necessary to achieve good outcomes as has been shown in certain subgroups of depressed individuals without medical illness?
CONCLUSION
The recent identification of depression as an important comorbidity in patients with PAH mandates the development of interventions for this disorder based on what we have learned about the adverse effect of depression on treatment outcome for other chronic medical illnesses. Increased awareness through patient and provider education, formal screening, prompt recognition, accurate and timely diagnosis, appropriate referral, and a collaborative, coordinated approach to treatment of patients with depressive symptoms will likely improve their quality of life.
